The optical properties of heavily boron-doped nanocrystalline diamond films grown by microwave plasma enhanced chemical vapor deposition on silicon substrates are presented. The diamond films are characterized by spectroscopic ellipsometry within the mid-infrared, visible and near-ultraviolet regions. The ellipsometric spectra are also found to be best described by a four-phase model yielding access to the optical constants which are found distinct from previous nanocrystalline diamond literature values. The presence of a subgap absorption yielding high extinction coefficient values defined clearly the boron incorporated films in comparison to both undoped and composite films, while refractive index values are relatively comparable.
At present, nanocrystalline diamond (NCD) films are attracting substantial interest. As such films can be deposited on a plethora of materials, 1 possible applications include NEMS and MEMS structures, 2 biosensors, 3 tribology, 4 optical coatings 5 and thermal management. 6 By adding boron, NCD films can be turned into a p-type semiconductor. Conductivity values can be tuned within 11 orders of magnitude, with values ranging between 1 x10 -9 Ω-1 cm -1 and 100 Ω -1 cm -1 . 7 The latter films show a metallic conductivity behavior, even turning superconducting when cooled down to sufficient low temperature (~3K). 8 Spectroscopic Ellipsometry (SE) is a non-destructive optical method which measures the complex ratio R of the Fresnel reflection coefficients of particular directions polarized light (r p , r s ) and reports the ratio in terms of the ellipsometric angles Ψ and ∆ defined by the equation:
Both ex and in situ SE for optical characterization of diamond thin films have been used by Collins et al. in the beginning of the '90s. [10] [11] SE has also begun to be a powerful technique for microcrystalline diamond films. [12] [13] [14] [15] Concerning NCD films, reports have just appeared over the last few years. [16] [17] [18] [19] Recently the team of Popov optically characterized NCD/a-C composite films prepared by MWCVD including SE in the range 250-860 nm. 17 Results were compared with those of polycrystalline films. The use of a Tauc-Lorentz dispersion relation 20 in the optical model yields one low value of bandgap (E g~1 .4 eV). Z.G. Hu et al. 19 used also SE to analyze NCD films with a four phase model in the range 260-1130 nm. The use of a Sellmeier dispersion relation allows authors to determine the lowest direct bandgap with an approximation (6.9 eV).
As for the microcrystalline case, authors propose successive models in order to improve the match between experimental and fitted data for the nanocrystalline case. This match defines the mean squared error χ² which is a criterion to determine the accuracy of the optical model.
However, χ² does not verify the physical correctness of the model. The support of other characterization techniques is then necessary to build up a reliable model, in order to minimize the range of mathematical solutions in fitting procedure. In this letter, SE has been applied to obtain further information about both optical and morphological properties of B-NCD/Si films.
SEM and particularly total Reflection measurements have been used to determine the validity of the model. Nanocrystalline diamond films of different thicknesses were grown on silicon wafers by a microwave plasma chemical vapour deposition process using an ASTeX 6500 reactor. Before growth, the Si wafers were pretreated using monodisperse nanodiamond aqueous colloid, leading to very high nucleation densities. 21 The gas flow rate, gas pressure, microwave power and substrate temperature were 485 sccm H 2 , 15 sccm CH 4 , 35 Torr, 3500 W, and 700 °C respectively. In addition, all films were doped with boron by adding trimethylboron (TMB) to the gas mixture in a ~ 6500 ppm [TMB]/[H 2 ] ratio. This concentration leads to a large boron incorporation, leading to metallic-like conduction 7 and even superconductivity when cooled sufficiently. 8 To study the influence of the film thickness the deposition time of film 2-70406 (100 minutes) was 5 times higher than that of 2-70313 (20 minutes). Best-fit parameters are illustrated in Table I . Considering only χ² values Model 2 was found to be more suitable than the first one (lower χ² value). Among the energy parameters, the average UV-VIS peak position L.E1 of Model 2 is about 10.5 eV indicating that the fundamental bandgap E g is over the experimentally available energy maximum of 4.3 eV. This is also the case in Model 1 which gives directly an average value of bandgap of 7 eV. The difference with Boycheva et al. by SEM, Fig. 3 (b) ). Another check is given by the color difference ∆E* which is another description of the difference between the experimental and the generated data (in terms of L*, a*, b*):
The lower this value, the better both colors match. If there is a very good agreement between the color generated from the model and the experimentally measured color, it can be concluded that optical model is physically justified. By testing this procedure with both models, Model 1 appeared finally the more physically correct (lower ∆E* values, Table I ). 
